The relationship between Sk K and SK k is still unclear despite both being discovered more 1 0 1 than 30 years ago. To our knowledge, the only other significant research involving either allele 1 0 2 was performed by Xu and Leslie (1996) during construction of a genetic map for F. verticillioides. During this study, Sk K was mapped between two restriction fragment length 1 0 4 polymorphism (RFLP) markers on chromosome V. These markers, named RFLP1 and 11p18, 1 0 5 are located 2.5 cM and 8.6 cM from Sk K , respectively (Xu and Leslie 1996) . Xu and Leslie's 1 0 6 mapping population was derived from an Sk K × Sk S cross, and interestingly, only one progeny 1 0 7 from over 100 did not inherit the Sk K allele (Xu and Leslie 1996) . This evidence demonstrates 1 0 8
that Sk K can achieve transmission rates of over 99 percent in laboratory crosses. MiSeq Reagent Kit Version 3. Adapters were removed and low-quality reads were trimmed with 1 7 8 CLC Genomics Workbench (Version 8.0). The datasets were deposited in the National Center 1 7 9
for Biotechnology Information's (NCBI) Sequence Read Archive (Leinonen et al. 2011) . They 1 8 0
can be obtained with the following accession numbers: SRR3271586 (Fv999-Sk K ), SRR3273544 used to help refine the location of Sk K (Table 3) . CAPS markers were identified by first aligning
RESULTS

3 2
Increased production of fruiting bodies by strain Fv999-Sk K on diluted CA 2 3 3
Directional crosses are often used to investigate sexual processes in heterothallic ascomycete 2 3 4 fungi. In this type of cross, one parent is designated as the female and the other is designated as 2 3 5 the male. The female provides protoperithecia, i.e., immature fruiting bodies, which are 2 3 6 fertilized by conidia from the male. After fertilization, protoperithecia develop into perithecia. Carrot Agar (CA) is commonly used as a growth medium to study sexual processes in F. nearly three to six fold more perithecia than the crosses performed on 0.5× and 1.0× CA ( Figure   2 4 5 1). No perithecia were produced when crosses were performed on 0.001× and 0.01× CA ( Figure   2 4 6 1). Additionally, less conidia were produced on 0.1× CA than on 0.25× CA (data not shown).
4 7
Because conidia can be a source of cross-contamination, 0.1× CA was used as the crossing 2 4 8 medium for the remainder of this study. Although the sequence of RFLP1 was not available, we obtained the sequence of RFLP 11p18 2 5 2 from the Fusarium Comparative Database. We used this sequence as the query in a BLASTn chromosome V was used to choose CAPS markers near the Sk locus ( Figure 2A ). To begin refining the location of Sk K on chromosome V, Fv999-Sk K was crossed with Fv149-Sk S 2 6 1 and the segregation patterns of nine CAPS markers were examined in 60 progeny. Both Fv999-2 6 2 Sk K and Fv149-Sk S patterns were inherited in a 1:1 ratio for chromosomes XI, VII, and I. In (>= 79.6%) than expected ( Figure 2B and Table S3 ). The only exception was CAPS-5, which is 2 6 5 located approximately 20 kb from a telomere ( Figure 2A and Table 3 ). Overall, these results recovery of molecular markers linked to Sk K in Sk K × Sk S crosses. Genome sequencing refines the Sk locus to a 102-kb region of chromosome V. To delineate the position of Sk K on chromosome V, we narrowed our focus to progeny JP98.75-2 7 1 Sk K , JP98.111-Sk K , and JP98.118-Sk K . Even though CAPS marker analysis failed to identify an 2 7 2
Fv999-Sk K region of chromosome V that was inherited by all three progeny ( Figure 2C data not shown). Therefore, their genomes were sequenced (Table 2) and their SNPs along recombination events. Both of these recombination events occurred between CAPS markers 2 7 7 14 CAPS-3 and CAPS-4 in the ascus producing progeny JP98.111-Sk K (Figure 2D ), explaining why 2 7 8 they were not revealed by our CAPS marker analysis. More importantly, the SNP profiles of all 2 7 9 three progeny require that Sk K be located between positions 665,669 and 767,411 ( Figure 2D , red 2 8 0 lines) with respect to the reference sequence (GenBank, CM000582.1). We refer to this 102-kb 2 8 1 contiguous sequence as the Sk locus (GenBank, KU963213). The 102-kb Sk locus in strain Fv149-Sk S includes 41 putative protein coding genes 2 9 6 ( Figure 4 and Table 4 ). The Sk locus in Fv999-Sk K carries the same 41 genes as well as one 2 9 7 additional protein coding gene, SKL1 (for Spore Killer Locus 1), that is located between To confirm that SKL1 is absent in Fv149-Sk S , the sequences corresponding to the 3 0 6
FVEG_03165-FVEG_03164 intergenic region from Fv999-Sk K and Fv149-Sk S were aligned and 3 0 7
examined. This intergenic region consists of 1,234 and 755 bases in Fv999-Sk K and Fv149-Sk S 3 0 8 respectively ( Figure S1 ). Examination of the alignment revealed that this difference in length 3 0 9
was due to the presence of SKL1 in Fv999-Sk K and its absence in Fv149-Sk S (Figure S1 ). To
confirm that the absence of SKL1 in Fv149-Sk S was not due to an error in the reference genome with the presence of SKL1 in Fv999-Sk K and its absence in Fv149-Sk S (Figure 5 ). ClustalW alignments were used to investigate the level of polymorphism between 3 1 6 proteins encoded by the Sk locus in Fv999-Sk K and Fv149-Sk S strains ( Database failed to identify a domain within Fveg_15199. To shed light upon the transcriptional profile of protein-coding genes within the Sk locus, 3 2 7
we analyzed five F. verticillioides RNAseq datasets from NCBI's Sequence Read Archive.
3 2 8
These datasets were for five time points following the induction of sexual development in a cross et al. 2012) . Of the genes within the Sk locus,
FVEG_03171 exhibited the greatest increase in expression from the first to last time point ( are often referred to as Spore killers. The molecular basis of meiotic drive by most Spore killers 3 5 1 is unknown. The existence of meiotic drive by spore killing in Fusarium was first recognized in 1982.
3 5 4
More than three decades later, we still do not understand the molecular mechanism that mediates 3 5 5 this process. This is similar to the situation in Neurospora, where three distinct spore killers, As with previous work on Sk K (Xu and Leslie 1996) , we observed a biased transmission 3 6 5
of Sk K -linked molecular markers ( Figure 2B ). This is not unexpected since the driving ability of 3 6 6
Sk K should also affect the transmission of alleles linked to Sk K . This phenomenon is referred to 3 6 7
as genetic hitchhiking (Lyttle 1991). The closer a hitchhiker is to a meiotic driver, the more 3 6 8
likely it is to be transmitted to the next generation through the sexual cycle. In our study, 3 6 9
patterns of CAPS markers from the parent Fv999-Sk K were inherited at a higher frequency than 3 7 0 could be attributed to chance alone for five of six markers on chromosome V, and the 3 7 1 transmission bias generally decreased with increasing distance from the Sk locus ( Figure 2B ). ( Figure 2B ), despite the latter being closer to the Sk locus ( Figure 2D ). One explanation for this 3 7 4
could be the existence of a recombination hotspot between CAPS-4 and the Sk locus; however, 3 7 5
we do not have additional data to support this hypothesis. recombination between rsk and rfk, Sk-2 prevents these critical components of its meiotic drive suppression, if it exists at all, does not appear to be a significant phenomenon. For example, our
Assuming spore killing is mediated by two or more distinct genes within the Sk locus, the close 4 0 0 proximity of these alleles may negate the requirement for a Neurospora Sk-2-like recombination do not produce the HET-S protein, and thus the het-s prion is not toxic to them. This is one In the current study, comparative sequence analysis revealed multiple differences 4 1 5
between the 102-kb Sk locus from Sk K and Sk S strains of F. verticillioides. Presumably, one or 4 1 6 more of these differences is the genetic basis for the different Sk phenotypes exhibited by the 4 1 7
strains. An analysis of SNPs and gaps identified at least three hypervariable regions within the 4 1 8 locus (Figure 4) . The interspersed nature of these regions is somewhat surprising and suggests 4 1 9
that they could be under the influence of different selective pressures than the less variable possibility that one or more of these differences is responsible for the Sk K and Sk S phenotypes. Res. 39: D19-21. Publishing, Ames, Iowa. Res. 39: D225-D229. Environ. Health Perspect. 114: 237-241. of high-quality protein multiple sequence alignments using Clustal Omega. Mol. Syst. Transcriptome analyses during fruiting body formation in Fusarium graminearum and Fv149-Sk S . The data represent the total number of perithecia observed 25 days after fertilization.
Figure 5
The Sk locus in Fv149-Sk S is missing SKL1. To confirm that SKL1 is missing from the of SKL1 in Fv149-Sk S (287 bp) and the presence of SKL1 in Fv999-Sk K (767 bp). 
